We quantitatively characterize the regional variations in the strength of heterogeneity in the lithosphere of the globe by analysing the observed seismogram envelopes of teleseismic P waves in the frequency band of 0.5-4 Hz. We apply a theoretical scattering model based on the Markov approximation for a plane P wave propagating through the random medium characterized by a Gaussian autocorrelation function. Since this model presumes the vertical incidence of an impulsive plane wavelet, we first analyse teleseismic P waves from deep earthquakes occurring along the western Pacific regions. We measure the ratios of peak intensity of transverse components to that of the sum of the three components, and determine the quantity of randomness ε 2 z/a, where ε, a and z are fractional fluctuation, correlation distance and thickness of a heterogeneous structure, respectively. Although source time functions of shallow earthquakes are too complex to directly apply the scattering model, a good correlation between the ratios of peak amplitude and the normalized transverse amplitude, which is the square root of the energy partition of the P-coda waves into the transverse component, enables us to use the shallow earthquakes that occur widely around the world. As a result, the quantity ε 2 z/a extends from 1.15 × 10 −4 to 6.34 × 10 −2 at 0.5-1 Hz, 2.02 × 10 −3 to 1.89 × 10 −1 at 1-2 Hz and 1.49 × 10 −4 to 1.89 × 10 −1 at 2-4 Hz, which are in agreement with the results of previous studies using different methods. The spatial distribution of randomness almost agrees with various tectonic settings and roughly correlates with lateral variations of Lg coda Q and shear wave velocity perturbations at 80 km depth, suggesting that lateral heterogeneity extends from the shallow crust to uppermost mantle.
I N T RO D U C T I O N
Stochastic methods are often used for the characterization of seismic wave propagation through randomly heterogeneous media. Peak delay, duration and maximum amplitude of seismograms have been considered as important parameters for the quantification of seismograms and have been investigated in a number of studies. Generally, peak delay is defined as a lag time between the onset of P or S body waves and the arrival time of its maximum amplitude, and the envelope duration is defined by a lag time between the onset and the time when the rms envelope decays to half of the maximum amplitude. Atkinson & Boore (1995) showed that the envelope duration generally depends on both source and path, and increases with increasing travel distance. Using the Markov approximation, which is a stochastic approximation applied to the parabolic wave equation (e.g. Ishimaru 1978) , Sato (1989) quantitatively explained the envelope broadening of scalar wavelet by considering smallangle scattering of waves around the forward direction caused by the random heterogeneity of wave velocity. His model suggested that the duration of seismogram is a good measure for representing the heterogeneity of the lithosphere. Fehler et al. (2000) confirmed the validity of the Markov approximation from a comparison of the envelopes calculated by using that approximation and those from waveforms of the 2-D finite difference simulation.
Maximum amplitude decay with traveltime distance increasing has also been considered as one of the most important parameters for the quantification of seismograms. The envelope broadening and the maximum amplitude decay have been studied independently or empirically, but Saito et al. (2005) recently provided a unified explanation of those phenomena for high-frequency S-wave envelopes based on wave scattering process. The observed duration and maximum amplitude are simulated simultaneously based on the theoretical envelope by using an appropriate statistical property of the velocity heterogeneity and the attenuation of the lithosphere.
Characteristics of scattered seismic waves have been studied for these several decades to investigate the spatial distributions of random heterogeneity in the crust and upper mantle. Korn (1993) applied the energy flux model of the teleseismic P-wave envelopes to characterize the heterogeneity of the lithosphere and reported the difference in Q-value between stable continents and tectonically active regions. Hock et al. (2004) interpreted the teleseismic P coda observed in northern and central Europe, and estimated lithospheric heterogeneity beneath the receivers by applying the energyflux model and the teleseismic fluctuation wavefield method. They reported clear regional differences in scattering attenuation both in size and in frequency dependence reflecting a spatial variation of the scattering properties of the lithosphere. The largest scattering attenuation was found in the northern German basin and the smallest scattering attenuation in the Baltic shield. Fredericksen & Revenaugh (2004) used teleseismic P waves which are dominated by energy scattered by small inhomogeneities in the receiver-side lithosphere for investigating lateral variations of heterogeneity. Nishimura (1996) pointed out that the amplitudes of transverse component in long-period (about 20 s) P waves observed at stations on island arcs are much larger than those on stable continents. Nishimura et al. (2002) further evaluated lateral heterogeneity in the lithosphere by analysing the transverse amplitude of teleseismic P wave. They showed that strong heterogeneity is recognized in and around the tectonically active regions and estimated relative scattering strength in depth assuming a single scattering process. Their studies are restricted to the western Pacific region due to the limited hypocentral distribution of deep earthquakes, because they needed a simple source time function for evaluating the depth dependence of scattering properties. Kubanza et al. (2006) systematically characterized the medium heterogeneity of the lithosphere from the analyses of transverse-component amplitudes of teleseismic P waves from shallow earthquakes in short periods from 0.5 to 4 Hz. They showed that the transverse-component amplitudes of teleseismic P waves are useful for detecting heterogeneity, but have not yet quantitatively evaluated the medium heterogeneity by physical parameters such as correlation distance or fractional fluctuations in the seismic structure.
In the present study, we examine the characteristic features of the envelopes of teleseismic P-wave seismograms and measure the peak intensity of transverse component and that of the sum of three components to quantitatively evaluate the heterogeneity of the lithosphere. We apply the theoretical scattering model (Sato 2006 ) that establishes a relationship between the ratio of the peak intensity and the randomness of the lithosphere. Since this kind of analyses is valid when the seismic source time function is impulsive, the target region is at first restricted at the western Pacific region and middle of Eurasian continent, where deep seismic sources are used for the analysis. We further examine the relation between peak and averaged amplitudes in transverse component for shallow and deep earthquakes, and quantify the strength of heterogeneity in the lithosphere of the globe.
T H E O R E T I C A L M O D E L
The method is based on the measurement of the peak intensity of vector wave envelopes predicted by seismic wave scattering due to weak velocity inhomogeneities. The lithospheric heterogeneity is modelled by uniform and isotropic random media statistically characterized by the autocorrelation function of velocity fractional fluctuation. When the wavelength is shorter than the correlation distance of random media, wave propagation is governed by a parabolic wave equation. An ensemble average of the wave equation gives the master equation for the two frequency mutual coherence function (TFMCF), of which the Fourier transform gives the mean square envelope of wavefield. This method is called the Markov approximation, which was developed for the studies of optical wave through random refractive index or acoustic waves through random velocity media (e.g. Ishimaru 1978) ; however, past studies developed are for scalar waves. Recently, Sato (2006) developed a theoretical synthesis of vector wave envelopes in randomly inhomogeneous elastic media expressed by a Gaussian-type autocorrelation function as an extension of the Markov approximation for scalar waves. It well predicts not only the envelope broadening of a P wavelet in the longitudinal component but also the excitation of amplitude in the transverse component.
We define I x0 P , I y0 P and I z0 P as the mean square (MS) envelope traces of x-, y-and z-component, respectively, for the vertical incidence of a delta function-like plane P wavelet. The reference intensity I 0 R expresses the envelope of the sum of the three components. For the analysis of individual wave MS envelopes, theoretical intensities without wandering effect (e.g. Sato 2006), I x0 P , I y0 P and I z0 P , are appropriate since the lapse time is measured from the P-wave onset, that is, the wandering effect is removed. Fig. 1 
These simulations can be summarized as follows (Sato 2006 ). For the incidence of an impulsive plane P wavelet, each of longitudinal and transverse component envelopes shows peak delay and envelope broadening with travel distance increasing. The transverse component has a smaller amplitude and a longer peak delay than the longitudinal component; however, the transverse component amplitude essentially reflects scattering and diffraction effects: the time integral of the MS amplitude of transverse component linearly increases with travel distance increasing and are proportional to the ratio of the MS fractional fluctuation of P-wave velocity to the correlation distance. These theoretical results imply that the partition of energy to the transverse component in the teleseismic P-wave envelope could be a good stochastic measure of medium heterogeneity of the crust and the uppermost mantle. The validity of the Markov approximation was confirmed from a comparison with the numerical simulations by using a finite difference method (Fehler et al. 2000; Korn & Sato 2005) . We should note that the formulation shown above does not include P-S conversion scattering which might exists in real data.
D ATA A N D WAV E F O R M P RO C E S S I N G
We use the seismic waveform data of deep earthquakes that occurred along the western Pacific regions. We apply the theoretical model presented in previous section to these data. Incidence angles for the P wave we analysed extend from 0
• to 40
• , but no systematic change is observed in the following analyses for different incidence angle. Fig. 2 shows the geographical location of the IRIS GSN stations (triangles) and deep earthquakes (solid circles) contributed to the analysis. These data are collected in the observational period of 1987-2000 for deep earthquakes with focal depths greater than 300 km, magnitudes of more than 5 and less than or equal to 6, and epicentral distance of 0-60
• . For each earthquake-station pair, the signal-to-noise ratio has to be high enough so that the coda amplitude level at the end of the time window is still several times above the noise level before the onset of P wave. We verify this for each of the frequency bands of 0.5-1, 1-2 and 2-4 Hz by calculating the signal-to-noise ratio. The signal amplitudes are calculated for 10 s time window from P-wave onset and the noise amplitudes are taken at least 5 s prior to the P-wave onset. Only traces with signal-tonoise ratio greater than or equal to 10 are selected for this analysis. Seismograms are also visually examined for strange later arrivals and other irregularities. Some of later arrivals may be caused by complex behaviour of the faulting process, but must appear within a few seconds because we analyse the data of magnitudes less than or equal to 6. However, later arrivals caused by unknown structural complexities along the ray path may not be excluded in this analysis.
C H A R A C T E R I S T I C F E AT U R E S O F S E I S M O G R A M E N V E L O P E S
We obtain the general features of seismogram envelopes by performing the following procedures for each station. First, we bandpass filter the observed three component seismograms for 0.5-1, 1-2 and 2-4 Hz ranges where high signal-to-noise ratio are obtained. Then, we calculate the square of seismogram with following expression,
where u i (t) is the original velocity signal of ith component and H [u i (t)] is its Hilbert transform. We note that i (=1, 2, 3) express the vertical, radial and transverse components. Subsequently, we normalize the seismogram envelopes of each component using the following formula:
wherē
where T is the duration time used for the normalization. MS envelope, E i (t) , is calculated by stacking the all of the normalized seismogram envelopes for each component at each station. We stack 4-23 seismograms at each station, among a half of which more than 10 seismograms are stacked, for obtaining the average envelopes used in the following analyses. Finally, for each station, we calculate the average envelope for a time window of 60 s (T = 60 s) that starts 10 s before the P-wave onset. Left panels in Fig. 3(a) shows examples of the observed average envelope traces E i (t) at frequency band of 0.5-1, 1-2 and 2-4 Hz, respectively. Station WRAB in Australia, which is located on stable continent is shown. Dashed, dotted and thin solid lines represent the vertical, radial and transverse component, respectively, and thick line represents the sum of the three components. The radial and transverse components are rotated from two horizontal components using backazimuth calculated from the locations of hypocentre and station. The peak amplitudes are measured on the average envelope traces. Since transverse components often have very small amplitude, we show the rms of average envelopes, E i (t) , for indicating clear view in the right three panels. Fig. 3(b) shows the MS and rms envelopes at station PMG in New Guinea, locating at tectonically active region.
The following characteristics are recognized in the averaged envelope traces. For about 5 s from the onset of P wave, amplitude of the vertical component is larger than those of the other components for all of the frequency bands. Amplitude of the radial component is generally larger than that of the transverse component, especially at the low frequency bands of 0.5-1 and 1-2 Hz. As frequency increases, the amplitude of radial component often approaches that of the transverse component. At several stations, their amplitudes are almost the same at 2-4 Hz. The amplitude of the three components converges to almost the same levels about 5 or 10 s after the P-onset. Transverse component reaches the maximum amplitude several seconds later than the time when the maximum amplitude is recorded in the vertical component. Such a peak delay is observed at all of the stations. These characteristics are qualitatively well explained by the oblique incidence of P wave to a random heterogeneous layer beneath stations. In the first 5 s, the direct P wave is dominant so that vertical amplitudes expected to be larger than the other. Direct P wave is recognized in the radial component but not in the transverse component. Later coda consists of the waves scattered by random heterogeneity, which makes the energy partition of the seismic energy equal to the three components. Peak delay recognized in the transverse component is qualitatively well explained by the theory of Sato (2006) .
E S T I M AT I O N O F R A N D O M H E T E RO G E N E I T Y B A S E D O N A S C AT T E R I N G M O D E L
We quantitatively evaluate the scattering property using eq. (1). We measure the ratios of peak intensities, E 3 (t) peak / E 0 (t) peak , from the observed stacked envelopes at 13 stations locating in the western Pacific regions and middle of Eurasian continent. E 3 (t)
peak and E 0 (t) peak are the peak of average envelope of the transverse component and that of the sum of the three components, respectively. In our analysis, x-component in eq.
(1) corresponds to the transverse component, and reference intensity function I 0 R is expressed by the envelope of the sum of the three componentsE 0 (t), that is,
The results show that the ratios are ranging from 0.010 to 0.099 for 0.5-1 Hz, 0.011 to 0.339 for 1-2 Hz and 0.015 to 0.325 for 2-4 Hz. Fig. 4 shows spatial variations of square root of the observed ratios of peak intensity in the western Pacific regions and middle of Eurasian continent. Overall characteristics are quite similar to the spatial distributions recognized in the normalized transverse amplitude estimated by Kubanza et al. (2006) for stations in the same regions. Stations located on Australian continent and those on mid-Eurasia including a station in Thailand indicate small ratios, while stations on island arc and close to the collision zone of India and Eurasia continents show large ratios. In Fig. 5 , the ratios of peak intensity are plotted for each frequency band. The ratios of peak intensity are scattered especially at the high frequency, however their averages for each frequency band increases with increasing frequency: 0.040 at 0.5-1 Hz, 0.087 at 1-2 Hz and 0.141 at 2-4 Hz.
We estimate ε 2 /a from the ratios of peak intensity by tentatively assuming the thickness of heterogeneity to be z = 100 km and plot it in Fig. 5 (see right vertical axis). As Flatté & Wu (1988) estimates the thickness to be about 200 km and crustal structure is often considered to be major origins of the scattered waves, the thickness of heterogeneity may be ranging from a few tens to a few hundred kilometres. Hence, the estimated ε 2 /a has an accuracy by a factor of about 3. In the 0.5-1 Hz band, ε 2 /a is ranging from 5.30 × 10 −5 to 5.49 × 10 −4 km −1 with an average of 2.23 × 10 −4 km −1 ; at 1-2 Hz, ε 2 /a extends from 6.00 × 10 −5 to 1.87 × 10 −3 km −1 with an average of 4.86 × 10 −4 km −1 ; at 2-4 Hz, ε 2 /a varies from 8.40 × 10 −5 to 1.80 × 10 −3 km −1 with an average of 7.81 × 10 −4 km −1 . These averages are plotted with their standard deviation. Assuming a = 5 km for all frequency bands, we estimate ε to be 2-4 per cent for the lithosphere in the stable continents. On the other hand, stations on Japan and collision zones of Indian and Eurasian continents show larger ε 2 /a for all of the frequency ranges. As a result, ε ranges from 5 to 10 per cent for a = 5 km. More large ε is calculated when we assume larger a (e.g. ε is 7-14 per cent for a = 10 km).
G L O B A L D I S T R I B U T I O N O F S T R E N G T H O F H E T E RO G E N E I T Y I N T H E L I T H O S P H E R E
We have shown that the ratios of peak intensity between the transverse component and the sum of the three components of teleseismic 
Figure 4. Spatial distribution of the square root of ratios of peak intensity E 3 (t) peak / E 0 (t) peak at the frequency bands of 0.5-1, 1-2 and 2-4 Hz. Symbol sizes of the ratios are normalized by the maximum value (indicated at the right bottom of each panel) observed at each frequency band. , and the ratio of the fractional fluctuation to the correlation distance, ε 2 /a, for three frequency bands. The averages (black circles) are plotted with an error bar at each frequency band. Star, triangle and square symbols indicate the values of ε 2 /a estimated by Aki (1973) , Powell & Meltzer (1984) and by Scherbaum & Sato (1991) , respectively. P waves can be useful to evaluate randomness of the lithospheric structure. However, since the scattering model used requires the seismic data having an impulsive source time function, we cannot easily estimate the randomness of the lithospheric structure at the region where deep earthquake data are not available. Shallow earthquakes are recorded at many stations around the world, but complex fault motions and contamination of reflection and refraction phases from the ground/water surface and heterogeneity often prevent us from correctly reading the peak amplitude. In this section, therefore, we evaluate the randomness of the structure around the world by using the normalized transverse amplitudes A , which is defined as the square root of the energy partition of the P-coda waves into the transverse component (Kubanza et al. 2006) :
where bracket represents the average of all events recorded at each station. We use a time window of T A = 20 s in the present study. It is noted that the normalized transverse amplitude generally increases with time window length since the energy of scattered waves comes to be almost equally partitioned into the three components as lapse time increases. Fig. 6 compares the square root of ratios of peak intensity with the normalized transverse amplitudes at the stations located on the western Pacific regions and middle of Eurasian continent, where deep earthquake data are available (the same data used in Section 5). It is clearly seen that the ratios of peak intensity linearly increase with the normalized transverse amplitude at all of the frequency bands. Correlation coefficients are quite high: 0.94 at 0.5-1 Hz band, 0.88 at 1-2 Hz band and 0.97 at 2-4 Hz band. Therefore, we can relate the ratios of peak intensity with the normalized transverse amplitudes: A = 1.08 E 3 (t) peak / E 0 (t) peak + 0.07 for 0.5−1 Hz A = 0.65 E 3 (t) peak / E 0 (t) peak + 0.15 for 1−2 Hz A = 0.65 E 3 (t) peak / E 0 (t) peak + 0.15 for 2−4 Hz. (4) We should note that the normalized transverse amplitudes in eq. (4) are estimated from the P waves for 20 s, hence different regression lines are necessary for the cases using shorter or longer time windows. Kubanza et al. (2006) showed that the normalized transverse amplitudes obtained from deep earthquakes are nearly equal to those estimated from shallow earthquakes (see Fig. 3 of Kubanza et al. (2006) ). This result strongly suggests that the empirical relations indicated in eq. (4) can be used for shallow earthquake data. That is, we can systematically estimate the quantity of randomness of the lithosphere, ε 2 z/a, at almost all of the world only by measuring the normalized transverse amplitude of shallow earthquakes. Fig. 7 shows the global distribution of the randomness ε 2 z/a of the lithosphere estimated from the normalized transverse amplitudes of shallow earthquakes evaluated by Kubanza et al. (2006) . Colour scales at the bottom of each panel indicate amplitude of ε 2 z/a. This spatial distribution of randomness almost agrees with various tectonic settings. Small randomness are dominant at stations on stable continents such as Australia, mid-Eurasia, Africa and eastern North America, most of which shows ε 2 z/a of 0.000-0.016 at 0.5-1 Hz, 0.000-0.025 at 1-2 Hz and 0.000-0.050 at 2-4 Hz. On the other hand, large randomness of more than 0.024 at 0.5-1 Hz and more than 0.075 at 1-2 and 2-4 Hz are found at tectonically active regions such as the Arabia-Eurasia and the India-Eurasia collision zones, the island arcs in the western Pacific regions, the east African rift system and the transform fault and subduction zones along the western coast of the American continents. The randomness of ε 2 z/a at several stations, however, does not reflect the tectonic settings characterized by the seismicity (stations of Category B in Kubanza et al. 2006 ).
D I S C U S S I O N S A N D C O N C L U S I O N S
We compare the scattering properties estimated from the peak ratios of transverse component to the sum of three components with the results in the previous studies. For the lithosphere in the stable continents, Aki (1973) estimated ε 2 /a of the lithospheric heterogeneity to be 1.60 × 10 −4 km −1 at about 0.5 Hz, analysing the correlation between log-amplitude and phase fluctuation of teleseismic P waves arriving with near vertical incidence at LASA in Montana. Ritter et al. (1998) 10 −5 km −1 , for the heterogeneous structure with a thickness of at least 119 km. Our estimation of ε 2 /a at island arcs and tectonically active regions are ranging from 4.27 × 10 −4 to 1.87 × 10 −3 km −1 and ε 2 /a for stable continent from 5.30 × 10 −5 to 3.63 × 10 −4 km −1 , which are almost consistent with these previous studies although the methods for estimation of ε 2 /a are not the same.
The series of studies by Mitchell (1995) , Mitchell et al. (1997 Mitchell et al. ( , 1998 , DE Souza & Mitchell (1998) , Baqer & Mitchell (1998) have provided new insights on the relation of seismic wave attenuation to the tectonic history of continents for various regions of the world by using Lg coda Q tomography. In Fig. 8 8 ). These stations are generally located at tectonically active regions. The stations having large Lg coda Q always indicate small ε 2 z/a (region I), which are located on stable continents. We also find stations having small ε 2 z/a and small Lg coda Q (region II). These are located at eastern China, Russia, Mongolia, California (USA), Arizona (USA), Tennessee (USA), Indiana (USA), Argentina, Kenya, Namibia and Australia, but no simple relation to tectonic settings has yet been found. Fig. 9 compares the randomness of the lithosphere with the shear wave velocity perturbations at 80 km depth reported by Gung & Romanowicz (2004) . Although the correlation coefficient between the two parameters is weak, -0.52, a negative trend as shown by the regression line is visible such as fast velocity anomaly corresponds mainly to small randomness while low velocity anomaly corresponds to large randomness. These characteristics suggest that lateral heterogeneity generating transverse amplitudes at least extends from shallow crust to deeper portions in the uppermost mantle. Such vertical extension of the heterogeneity is also suggested by the results of Nishimura et al. (2002) in which large scattering coefficients are found at deeper portions exceeding 100 km beneath the island arcs.
We considered several simplified assumptions in the application of the theoretical model to the observed data: uniform and isotropic randomness with a Gaussian ACF for the lithospheric heterogeneity, vertical incidence of teleseismic P waves to the lithospheric layer, no large angle scattering and no conversion scattering between P and S waves. The resultant randomness parameter ratio ε 2 z/a increases with frequency increasing, which suggests a power-law spectrum for randomness, although the ratio is scattered at high frequency. So far we have theoretical vector envelopes only for a Gaussian ACF, however, we need to introduce von Karman type ACF to explain such a frequency dependence (Saito et al. 2002) . The theoretical model qualitatively explains characteristics of observed vector en-1-2 Hz velopes; however, this theoretical model fails to explain the convergence of longitudinal and transverse amplitudes each other, which can be explained with the introduction of large angle scattering and PS conversion scattering. Also the ground-free surface effects and layered structure, which are often determined by receiver function analyses, have been neglected, hence, we need to develop a model, which take into account the above mentioned effects. We may be able to estimate the heterogeneity by comparing the observed normalize transverse amplitude with Sato (2006) 's model. However, numerical calculation is necessary for evaluating the normalized transverse amplitude, and later coda is not well modelled by the Markov approximation in which the forward scattering becomes a dominant process. Hence, the present study used empirical relations in eq. (4) for estimating the heterogeneity from shallow earthquake data. We have examined the P-wave seismogram envelopes of teleseismic events recorded at stations located along the western Pacific region and middle of Eurasian continent where deep earthquakes having a simple source time function are available. The observed envelopes are qualitatively well explained by the theoretical prediction of the scattering wave model of Sato (2006) using the Markov approximation. Some amounts of the seismic energy are distributed in the transverse components and peak intensity of transverse components appears later than that of vertical component. Applying a theoretical scattering model of plane P wavelet propagation in random medium (Sato 2006) , we have quantitatively evaluated the heterogeneity in the lithosphere from the ratios of peak intensity of the transverse component and the sum of the three component in the western Pacific region and middle of Eurasian continent. We further estimate the heterogeneity on the globe using the empirical relationship between the ratios of peak intensity and the normalized transverse amplitudes from shallow earthquakes estimated by Kubanza et al. (2006) . The results show that the quantity of randomness ε 2 z/a extends from 1.15 × 10 −4 to 6.34 × 10 −2 at 0.5-1 Hz, 2.02 × 10 −3 to 1.89 × 10 −1 at 1-2 Hz and 1.49 × 10 −4 to 1.89 × 10 −1 at 2-4 Hz, which are in good agreement with the results of previous studies using different methods. The spatial distribution of the quantity of randomness of the lithosphere roughly agrees with various tectonic settings. Small quantity of randomness are observed at stations on inactive regions such as stable continents while large quantity are found at tectonically active regions such island arcs, collision zones, transform faults and subduction zones. We compare the quantity of randomness of the lithosphere we obtained with Lg coda Q and shear wave velocity perturbations at 80 km depth. These spatial distributions are roughly correlated with each other, suggesting that lateral heterogeneity extends from shallow crust to upper mantle.
The consistency of the spatial distribution of the quantity of randomness of the lithosphere on the globe evaluated by using the Markov approximation model and that of the normalized transverse amplitudes has proved that the partition of energy into the transverse component could be used for evaluating the strength of heterogeneity in the lithosphere. These analyses as well as tomography technique, Q estimation using more densely distributed stations will help us to understand the lithospheric structure of the globe.
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